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HIGH OPACITY KAOLIN HYBRID PIGMENTS 
BACKGROUND OF THE INVENTION 

5 

1 . 1 Field of the Invention 

This invention relates to novel mineral-based pigments for providing opacity 
and brightness to paper. More particularly, the present invention relates to the thermal 
aggregation of hydrous clay particles with metal oxides and/or metal oxide precursors. 

10 

1 .2 Related Art 

Much research has been and continues to be devoted to providing low cost 
opacifying pigments as substitutes for more expensive opacifying pigments such as 
titania. 

15 One approach consists of "bulking" hydrous clays into larger aggregates. In 

this approach smaller clay particles are either chemically or thermally bonded to 
larger clay particles to form a larger, bulkier particle. The larger particle size is 
beneficial in improving the pigments light scattering ability, which is a key property 
in order to have a high opacity pigment. U.S. Patent No. 4,738,726 is one example of 

20 the bulking approach using cationic polymers to aid in particle aggregation of hydrous 
clays. 

Another approach is to perform controlled calcination of the clay. U.S. Patent 
No. 3,586,523 describes calcined hard clays of improved opacity. 

The present invention offers an advance from known techniques and 
25 compositions of clay-based opacifying pigments as hereinafter described. 

SUMMARY OF THE INVENTION 

The present invention relates to a composition and method of making 
compositions of hybrid opacifying pigments useful as paper filling or paper coating 
30 pigments. The composition comprises a pigment derived from heating a hydrous clay 
with metal oxides and/or metal oxide precursors, the metal being selected from the 
group consisting of a transition metals, post-transition metals, and their combinations, 
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the heating being applied to an extent sufficient to change the crystalline structure of 
the clay while aggregating or structuring the clay with the metal oxides, their 
precursors, and/or combinations thereof. 

Advantages of the hybrid pigments of the present invention include pigments 
of significantly higher opacity when compared to a simple physically combined blend 
(i.e., not heated) of commercially available calcined kaolin pigments and the 
corresponding metal oxide and/or metal oxide precursor. A further surprising and 
quite unexpected advantage of this invention includes that when the hybrid pigments 
are used in sheet paper applications, they impart equal or comparable sheet brightness 
and significantly greater opacity at equivalent net mineral content than commercially 
available calcined kaolin pigments. That is to say despite the fact the hybrid pigments 
of the invention may have lower GE Brightness (GEB) values than some of the best 
commercially available calcined clay opacifying pigments, the hybrid pigments of this 
invention provide comparable coated sheet brightness but surprisingly superior sheet 
opacity at equivalent net mineral contents compared to these commercially available 
pigments. 

DETAILED DESCRIPTION OF 
PREFERRED EMBODIMENTS OF THE INVENTION 

The Hvdrous Clav 

As used herein, the term "hydrous clay" is intended to describe a clay which 
has not been subjected to calcination, i.e., a temperature at which the basic crystalline 
structure of the clay would be altered. In the case of kaolin, maintaining the clay at 
temperatures under 450 °C will not alter the kaolin's crystalline structure. 

Hydrous clays are widely known in the art and are typically produced from 
crude clays which have been subjected to beneficiation, as for example to, froth 
flotation, magnetic separation, mechanical de lamination, grinding, or similar 
commutation. 

Examples of hydrous clays are kaolinite, halloysite, montmorillonoids ( c,g. ? 
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talc, pyrophyllite, hectorite, bentonite and montmorillonite), smectites, attapulgite, 
illite, and sepiolite. Characteristic of these hydrous clay is that they contain 
chemically bound water (i.e., water of hydration) which is driven off by heating. 

A preferred hydrous clay is derived from kaolinite. Kaolinite is an aluminum 
5 hydroxide silicate having the approximate composition of Al^OH) 4Si 2 0 5 . 

It is known that the shape of the particle size distribution curve of the hydrous 
clay has an effect on the pigment's end-use application such as in coating. A clay 
having the following particle size distribution characteristics has been found to 
provide excellent rheology: a median particle size of 0.55 micrometers and a particle 
1 0 size distribution such that about 88 +/- 2% of the particles have an equivalent 
spherical diameter less than about 2 micrometers and not more than about 25% by 
weight, preferably not more than about 20% by weight, have an equivalent spherical 
diameter less than 0.3 micrometers. If the quantity of ultrafine particles, i.e., particles 
0.3 micrometers and finer, is too great, the rheology of the pigment may be such that 
1 5 it has limited, if any, use- 
In order to achieve the desired particle size distribution of the hydrous clay, it 
is generally necessary to perform one or more particle size separations on the crude 
clay. Generally, such processing includes degritting, followed by differential 
gravitational or centrifugal sedimentation to recover a size fraction of desired particle 
20 size, such as for example, a fraction that is 90% by weight finer than 1 micrometers 
and does not contain an excessive amount of ultrafine panicles. The content of 
ultrafmes and median (weight) particle size of such fraction will vary, depending on 
the particle size distribution of the crude clay. In order to perform these operations 
successfully, it is essential that the clay be present in the form of discrete particles in 
25 water rather than floes so that the particles can be accurately separated into different 
size ranges. The clay particles are therefore treated with a deflocculant (dispersing 
agent) which will give all the particles a negative electric charge, and cause them to 
repel each other when the particles are suspended in water. The clay dispersant used 
at this stage is generally referred to as a "primary" dispersant, Dispersants used to 
30 deflocculale suspensions of previously processed clay (such as dispersants added to 
filter cakes) are termed "secondary" dispersants or deflocculants. Suitable dispersing 
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agents used for primary dispersion in practice of the present invention are 
conventional and include water soluble salts of a condensed phosphate, e.g., sodium 

10 hexametaphosphate or tetrasodium pyrophosphate, a water soluble salt of a polysilicic 

acid, for example, sodium silicate, or a water soluble organic polymeric dispersing 
5 agent, for example a polyacrylate or a polymethylmethacrylate salt having a molecular 

^ weight in the range of about 500 to about 1 0,000. The amount of dispersing agent 

used will generally be in the range of from about 0.025 to 0.2% by weight based on 
the weight of the dry clay. Generally, particle size separations are performed using 
defloculated aqueous suspensions having a solids content of about 20-60% by weight. 

20 1 0 « Other solids levels may be used to carry out such separations. The median particle 

size of the clay particles should range from 0.4 to 0.7 micrometers, equivalent 
spherical diameter (e.s.d.), preferably 0.5 to 0.6 micrometers, as determined by 
conventional sedimentation techniques using the SED1 GRAPH® particle size 

25 

analyzer, supplied by Micromereu'cs, Inc. From about 75% to 95% by weight of the 
1 5 particles should be finer than 2 micrometers, e.s.d. The content of fines below 0.3 
micrometer e.s.d. should be below 35 weight percent, preferably below 25 weight 
30 percent, and most preferably 20 weight percent or below. It should be understood that 

the measurements of the size of clay particles that are 0.3 micrometer or finer are of 
limited reproducibility. Thus, when a SEDIGRAPH® analyzer is employed, the value 
20 for weight percent may be +/- 5% when tested by another operator or a different 

35 

SED1GRAPH® analyzer is employed. Most preferably, median particle size is 0.6 +/- 
0.05 micrometers, e.s.d., with 85 to 95% by weight of the particles finer than 2 
micrometers, e.s.d., and less than about 20% by weight or less finer than 0.30 
40 micrometers, e.s.d. Blending of clay fractions may be advantageous or necessary with 

25 some crudes to provide a clay feed having a desirable particle size distribution. Also 
useful are hydrous clays derived from fine grained East Georgia crudes; e.g., a 
hydrous clay product with approximately 90 percent of the particles finer than 0.5 

45 

micrometer. 

Illustrative of particle size distributions for beneficiated hydrous clays useful 
30 in this invention excellent results have been obtained using hydrous clays ranging 
50 from about 75 lo 100 percent by weight finer than 1 micrometer with approximately 
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70-90 percent of the particles finer than 0.5 micrometer. A particularly useful 
hydrous clay characteristic of the hydrous clays used in the examples of this 
application has a particle size distribution of about 85 to 95 percent by weight finer 
than I micrometer with approximately 70 to 80 percent by weight of the panicles finer 
5 than 0.5 micrometer. 

The Metal Oxides and Their P recursors 

The metal oxides and metal oxide precursors useful in this invention are 

derived from transition metals, post-transition metals, and their combinations. 
1 0 The term "precursor" as used herein when referring to metal oxide precursors 

is intended to describe a metal composition that when sufficiently heated will form the 

metal composition's corresponding metal oxide. In the case of titania (titanium 

dioxide), the corresponding titania precursor may be a metal composition in the form 

of titanyl sulfate, titanyl chloride, or other appropriate forms. Typical heating 
1 5 temperature wherein an oxide will be formed from its precursor can readily be 

determined by one skilled in the art by thermogravimetric analysis. In the case of 

titanyl sulfate, titania will be formed at approximately 800 C. 

Transition metals are metals having atomic numbers of 21 to 29.(scandium 

through copper), 39 to 47 (yttrium through silver), 57 to 79 (lanthanum through gold), 
20 and 89 and higher (actinium and higher). A preferred transition metal is titanium 

which forms its corresponding metal oxide in the form of titania. 

Post-transition metals are metals having atomic numbers of 30 to 32 (zinc 

through germanium), 48 to 51 (cadmium through antimony), and 80 to 84 (mercury 

through polonium). Preferred post-transition metals are zinc and tin which form the 
25 corresponding metal oxides of zinc oxide for zinc and stannous oxide (SnO) and/or 

stannic oxide (SnO>) for tin. 

The metal oxides and their precursors will typically be in the form of powders 

having particle sizes in the range of less than 5 um, and in the case of titania particle 

sizes of I um, typically between 0.3 to 0.6 um. 
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The Inventive Composition 

An essential feature of the invention is that the transition or post-transition 
metals oxides and/or their precursors be added to the hydrous clay prior to heat 
treatment. The presence of the metal oxides and/or their precursors during the 
5 formation of the highly reactive phases (e.g., metakaolin and fully calcined 

temperature ranges) the clay undergoes crystalline restructuring and promotes the 
metal oxides and/or their precursors aggregation with the clay. 

As noted above, heating is applied to the extent necessary to alter the 
crystalline structure of the clay and cause the metal oxide to aggregate with the altered 
1 0 clay. Of course in the case of when a metal oxide precursor is used, heating needs to 
also be sufficient to form the corresponding metal oxide along with aggregation with 
the altered clay. 

Preferably, heating of the metal oxide or its precursor with a hydrous clay is 
carried out at temperatures not higher than about 1 200 °C when the clay is kaolinite. 
1 5 Above this temperature, the resulting pigment may be too abrasive for application as a 
. filling or coating pigment. Thus, the upper temperature limit of the heating may vary 
somewhat according to the acceptable abrasiveness of the pigment's application and 
based on the type of hydrous clay being used. 

In the case of kaolinite as the hydrous clay, heating with the metal oxide is 
20 preferably in the range of 400 to 1 100°C. 

The precise degree of heating will depend on a number of considerations that 
should be apparent to one of ordinary skill in the art. For example, if the application 
for a kaolin pigment requires low abrasion as in newsprint, lower heating 
temperatures in the range of 400 to 800°C (i.e., covering temperature range not 
25 exceeding metakaolin temperature of 760°C by too much) will result in a lower 
abrasive pigment than if the foregoing temperature range is exceeded. If coarser 
pigments are required, for example, to help improve pigment retention within the fiber 
web of paper, heating above the foregoing temperature range near or around the fully 
calcined temperature of I200°C. 
30 The amount of metal oxide and/or its precursor used in accordance with this 

invention may widely vary. From an economic standpoint, it is desirable to use a minor 
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amoum of the metal oxide and/or its precursor with respect to the hydrous clay, i.e., less 
than 50 weight percent based on the total dry weight of the clay and metal oxide and/or 
10 precursor, e.g., from 0.5 to 50 weight percent. As shown in the following examples, 

excellent results have been achieved in amounts ranging from 5 to 20, more preferably 
5 from 8 to 12 weight percent of metal oxide and/or precursor. As alluded to above, 
improved results will likely be achieved at majority amounts of metal oxide and/or 
precursors. However, these will be a less economically viable embodiments as the 
invention will contain a higher fraction of the more costly metal oxide/precursor. 

Pigments of this invention may be prepared by wet blending or dry blending of 
20 10 the hydrous clay (spray -dried hydrous clay if dry blending) and metal oxide and/or its 

precursor prior to heating. 

Dry blending may be accomplished in any type of conventional mixing devices 
such as a V-blender, paddle mixer, helical screw or roller mill. 

Wet blending of the invention's constituents may be done in any of a number of 
1 5 wet blending devices such as impeller mixers, sigma mixers, double planetary mixers, 
or drill presses with an up-lift blade. After sufficient mixing, the mixture of constituents, 
30 may be screened through a mesh screen and spray dried. 

In either the dry or wet blending techniques as discussed above, the resulting 
mixtures may be pulverized before the heating step to break up agglomerates to form 
20 discrete particles. Typical milling is done until the particle size of the mixture is 

35 

approximately 90 percent less than 1 urn. 

The pigments of this invention are minerals which find uses as paper fillers and 
in paper coatings which are essential components of many paper grades and represent the 
40 largest non-fibrous component of paper. These minerals are utilized by papermakers to 

25 enhance certain printing and writing characteristics, such as paper brightness, opacity, 
gloss, smoothness and ink absorption. Filler addition levels usually range from 3 percent 
to 30 percent of the total weight of paper. Typical mineral fillers used in papermaking 
include TiO : (rutile and anatase forms), kaolin clay, talc, calcium carbonate, aluminum 
trihydrate. synthetic silicas and plastic pigments. Crystalline filler minerals are used in 
30 concert with several wet end papermaking additives: retention/drainage aids 
50 (polyacrylamides. polyamines, polydadmacs and polyethyleneimines), wet strength 
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additives (urea- formaldehydes, melamine formaldehydes orpoiyamine epichlorohydrins), 
dry strength additives (starches, gums), sizing agents (ASA, AKD and alum-rosin) and 
10 fluorescent paper dyes.. 

When the finished application of the paper calls for printing on both the front and 
5 back sides of an uncoated sheet, as in the case of newspapers, magazines and books, the 
most common reason for adding fillers to the paper furnish is to improve opacity. A 
sheet low in opacity, allows the printed material on the reverse side to show through, 
thereby making the page difficult to read. A highly filled sheet contains discrete mineral 
particles that serve as scattering centers, which scatter light back to the viewers eye, 
20 10 rather than allowing it to be transmitted through the sheet to illuminate the print on the 

reverse side. 

The ability to effectively scatter light is related to the refractive index of the 
mineral filler. A higher refractive index serves to decrease the velocity of light as it 

25 

passes through the material and increases the angle at which the light ray is bent upon 
15 entering the media. The rutile form of TiO, has the highest refractive index, and is the 
most expensive, of the common paper filler minerals. Calcined kaolin clay is a cheaper 
20 alternative, but is also a distant second in terms of refractive index. Accordingly, 

calcined kaolin is used to "extend" Ti0 2 , in order to reduce the cost of the papermaking 
process, while not tremendously sacrificing opacity. The large difference between the 
20 refractive indices, and hence the light scattering efficiency of calcined kaolin and rutile 

35 

Ti0 2 , naturally creates a gap which a hybrid pigment of this invention fills. The hybrid 
pigment of the invention is fully compatible with all of the common wet end 
papermaking additives. 

40 Minerals as components in a paper or paperboard coating formulation are used 

25 to improve printabiiity and appearance. In the most basic form, a paper coating consists 
of a pigment plus an adhesive used to bind the particles to one another as well as to the 
paper or paperboard basestock. Pigment coatings on paper promote improved 

45 

smoothness, as well as controlled porosity, brightness and gloss, while pigment coatings 
on paperboard are used primarily for coverage of the unbleached baseboard. In this 
30 application, improved opacity is the primary function of the coating and a hybrid pigment 
5 0 of the invention would have application. 
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In creating a coating color, the hybrid pigments of the invention are combined 
with an adhesive (casein, starches, polyvinyl alcohol, styrene-butadiene latex, etc.), a 
rheology modifier (either a secondary dispersant, such as a polyacrylate, or a thickener, 
such as carboxymethylcellulose), a microbial inhibitor (isothiazoline) and a pH modifier 
5 (ammonium hydroxide or caustic). Coating formulations containing hybrid pigments of 
the invention can be applied to paper and paperboard basestocks using any conventional 
technology. 

Hybrid pigments of the invention have additional application as opacifiers in paint 
formulations as well. 

10 

EX AMPLES 

The following examples are intended to be illustrative of the invention and not 
limiting of the invention's full scope. As reported in the following examples, the 

1 5 following methods were used to determine values for the reported pigment properties: 
GE Brightness (GEB) by TAPPI 646 om-94; particle size distribution TAPPI 649 cm- 
90 using a SEDIGRAPH® analyzer, model #5100; and scatter coefficients were 
determined by coating kaolin clay suspensions onto black glass plates at a coat weight 
of 7.0- 14.0 g/nr (expressed as dry clay). The reflectance of the coatings after drying 

20 in air at wavelengths of 457 run and 577 run (as reported) are measured by means of 
an Elrepho reflectometer. The reflectance values are converted by the use of Kubelka- 
Munk equations to light scattering values (rnVg). The light scattering values are a 
measure of the opacity potential of the clay because the higher values indicate that 
light rather than passing through is reflected and scattered back. The higher the light 

25 scattering value, the higher the opacity potential of the clay. 

Example 1 

This example illustrates the improved properties and that the hybrid pigment 
of this invention possess including a comparative example against a simple mixture 
30 (i.e.. non-heated) of the hybrid pigment's starting components. 
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A hydrous clay was heated to a temperature of approximately 930 C (1700°F) 
(metakaoJin range) to form clay pigment, CM, having the characteristics as reported in 
Table 1 A. A hybrid pigment, H-l . characteristic of the present invention, was made 
by co-heating to a temperature of 930 C a mixture of 90 percent by weight of the 
5 hydrous clay used to make CM and 1 0 percent by weight of Ti0 3 commercially 
available from DuPont Corporation under the tradename of RPS VANTANGE. The 
properties of H-l are reported in Table 1 A. In each case prior to heat treatment, C-l 
and H-l were pulverized by conducting 3 passes of each material through a Micro 
Mill brand pulverizer. 

10 

TABLE 1A 





Property 


C-l 


H-l 




Heat Treatment 


930 C 


930 C 


15 










Components (wt.%): 








Clay 


100% 


90% 




Ti0 2 




10% 


20 










Components Mixed Before Heat 


Single Component 


YES 




Treatment 


N/A 




25 


Components Mixed After Heat 


Single Component 


NO 




Treatment 


N/A 






GEB 


79.7 


82.6 




Scatter coefficient 457 nm(m 2 /g) 


0.268 


0.381 


30 


Scatter coefficient 577 nm(m 2 /g) 


0.209 


0.338 




Particle Size (% < 2 u) 


86.7 


88.7 



35 Referring to Table 1 A, one sees an increase in GEB value and significant 

increases in the scatter coefficients for the inventive pigment H-l versus C-l the 
hydrous clay pigment calcined to the metakaolin temperature range of approximately 
930 C. 
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Further comparative examples were prepared to compare the pigments of this 
invention with a clay calcined at 1090 C (2000°F) (fully calcined range) and with this 
fully calcined clay mixed with the equivalent amount of Ti0 2 used in the inventive 
composition. 

5 The hydrous clay used to prepare pigment C-1 , was again used to prepare 

pigment C-2 which differed from C-1 in being heated to a temperature of 1090 C 
(fully calcined range). Prior to heat treatment, the C-2 pigment was pulverized in the 
Micro Mill pulverizer (3 passes). Another sample containing 90 percent by weight of 
the hydrous clay used to make C- 1 and 10 percent by weight RPS VANTANGE Ti0 2 

1 0 were wet mixed prior to spray drying. The resulting mixture was pulverized in the 
Micro Mill pulverizer (3 passes) and then heated to 1090 C to form inventive pigment, 
H-2. A physical dry blend was prepared of 90 percent by weight C-2 and 10 percent 
by weight RPS VANTANGE Ti0 2 by conducting 3 passes through the Micro Mill 
pulverizer to form comparative pigment, C-3. The measured properties of C-2, C-3, 

1 5 and H-2 are reported in Table 1 B. 
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TABLE IB 



Property 


C-2 


C-3 


H-2 


Heat Treatment 


1090 C 


1090C 


1090C 


components (wt.%): 
Clay 
Ti0 2 


100% 


-90% 
10% 


90% 
10% 


Components Mixed 
Before Heat Treatment 


Single Component 
N/A 


NO 


YES 


Components Mixed After 
Heat Treatment 


Single Component 
N/A 


YES 


NO 


GEB 


92.7 


93.1 


81.5 


Scatter Coefficient, 
457nm (m 2 /g) 


0.296 


0.314 


0.368 


Scatter Coefficient, 
577nm (m 2 /g) 


0.256 


0.269 


0.328 


Particle Size (%<2u) 


89.1 


89.2 


87.4 



Referring to TABLE IB, one sees that while the inventive composition, H-2, 
suffered from a lower GEB value versus comparative pigments C-2 and C-3, H-2 
provided significantly higher scatter coefficients compared to C-2 and C-3. However, 
despite the lower GEB value for H-2, H-2 performed quite unexpectedly in coating 
30 formulations as reported in Example 4, wherein it is demonstrated that the lower GEB 
value for pigments of this invention did not have a negative effect on coated sheet 
brightness. 

Example 2 

35 This example exhibits the benefits of this invention are also obtainable by using 

a metal oxide precursor in the form of titanyl sulfate purchased from Kemira Pigments, 
Inc.. of Savannah. GA, and available under the trade name UNITI 909. In this example, 
C-l of Example 1 is also used for comparative purposes. Pigment C-4 was a physical dry 
blend of 90 percent by weight C-l and 10 percent by weight UNITI 909 having been 
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pulverized by 3 passes through the Micro Mill pulverizer. Inventive pigment, H-3, was 
comprised of 90 percent by weight of the hydrous clay used to made C- 1 and 1 0 percent 
by weight UNIT! 909 having been wet mixed prior to spray drying H-3 was then 
pulverized (3 passes through the Micro Mill pulverizer) and heated to a temperature of 
5 930 C. The properties of C-l, C-4, and H-3 are reported in TABLE 2. 



TABLE 2 





Property 


C-l 


C-4 


H-3 


10 


Heat Treatment 


930 C 


930 C 


930 C 


15 


Components (wt.%): 
Clay 
TiO, 


100% 


90% 
10% 


90% 
10% 




Components Mixed 
Before Heat Treatment 


Single Component 
N/A 


NO 


YES 


20 


Components Mixed After 
Heat Treatment 


Single Component 
N/A 


YES 


NO 




GEB 


79.7 


82.7 


87.8 


25 


Scatter Coefficient, 
457nm (nr/g) 


0.268 


0.298 


0.390 




Scatter Coefficient, 
577nm (nr/g) 


0.209 


0.253 


0.333 


30 


Particle Size (% < 2 \i) 


86.7 


91.6 


90.9 



Referring to TABLE 2, one sees excellent GEB values and scatter coefficients 
of inventive pigment H-3 compared to pigments C-l and C-4. Thus, the benefits of 
heat treatment after mixing the components compared to a mere blend of components 
35 is clearly evident by the superior brightness and scatter coefficients of inventive 
pigment H-3. 
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Example 3 

This example exhibits the effect of Ti0 2 purity on the properties of the hybrid 

pigments of this invention. The compositions of the Ti0 2 pigments tested are as 
follows: 

M& SiQ, KiQ N&Q Fe,Q, IiQ 2 £aQ MsQ. 

Ti0 2 -A' 0.5 ND 3 0.21 0.00 0.01 98.03. 0.01 0.00 0.26 

Ti0 2 -B 2 0.0 ND 3 0.15 0.00 0.00 98.64 0.00 0.00 023 



Notes: 1 - Ti0 2 used in Example 1 obtained from Dupont Chemical Company and 
1 0 available under trade name of RPS V ANTANGE. 

2 - TiO, obtained from Kronos Inc., of Houston, Texas and available under trade 

nameKRONOS 1000. 

3 - Not Detectable. 

4 - All values in terms of mass %. 

15 

Additional comparative pigments were prepared for heat treatment at 
temperatures of 930 C and 1 090 C. Thus, inventive pigment H-4 was made by 
heating to 930 C a mixture of 90 percent by weight of the same hydrous clay as used 
to make pigments C-l and H-l with 1 0 percent by weight of the purer KRONOS 

20 Ti0 2 . Inventive pigment H-5 was made by heating to 1 090 C a mixture of 90 percent 
by weight of the same hydrous clay as used to make pigments C-2 and H-2 with 10 
percent by weight of the purer KRONOS Ti0 2 . In both cases, H-4 and H-5 were 
pulverized in the Micro Mill pulverizer (3 passes) prior to heat treatment. Results for 
pigment property comparisons at 930 C and 1090 C are provided in TABLE 3 A and 

25 TABLE 3B, respectively. 
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TABLE 3A 



Property 


C-l 


H-l 


H-4 


Heat Treatment 


930 C 


930 C 


930 C 


Components (wt.%): 
Clay 
Tin 


100% 


90% 

iUTo 


90% 

t AO/ 2 


Components Mixed 
before Heat Treatment 


Single Component 
N/A 


YES 


YES 


Components Mixed 
After Heat Treatment 


Single Component 
N/A 


NO 


NO 


GEB 


79.7 


82.6 


85.2 


Scatter Coefficient, 
457nm (m 2 /g) 


0.268 


0.381 


0.392 


Scatter Coefficient, 
577nm (nr/g) 


0.209 


0.338 


0.297 


Particle Size (% < 2 p.) 


86.7 


88.7 


93.0 



25 

Notes: 1 - RPS VANTANGE TiO z , DuPont Chemical Company 
2 - KRONOS 1000 Ti0 2 , KRONOS, Inc. 

Referring to TABLE 3 A and comparing the results of H-4 to H-l, it is 
30 evident that heating to 930 C with purer Ti0 2 has a significant effect on the GEB 
value for the inventive pigment while offering comparable opacity (scatter 
coefficients) at 457 nm and 577 run. However, in either case, H-4 and H-l offer 
significant advantages for both GEB values and for 457 nm and 577 nm scatter 
coefficients compared with the C- 1 clay pigment 

35 
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TABLE 3B 



Property 


C-2 


H-2 


H-5 


Heat Treatment 


1090 C 


1090C 


1090 C 


Components (wt%): 
Clay 
TiO, 


100% 


90% 
I0%* 


90% 

lU/O 


wuiiipuncnih iviixcu 
before Heat Treatment 


o ingle component 
N/A 




YES 


Components Mixed 
After Heat Treatment 


Single Component 
N/A 


NO 


NO 


GEB 


92.7 


81.5 


88.3 


Scatter Coefficient, 
457nm (m 2 /g) 


0.296 


0.368 


0.395 


Scatter Coefficient, 
577nm (m 2 /g) 


0.256 


0.328 


0.307 


Particle Size (%<2\i) 


89.1 


87.4 


90.5 



25 

Notes: 1 - RPS VANTANGE Ti0 2 , DuPont Chemical Company 
2 - KRONOS 1000 Ti0 2 , KRONOS, Inc. 

35 

Referring to TABLE 3B and comparing the results of H-5 to H-2, it is 
30 evident that heating to 1 090 C with purer Ti0 2 has a significant effect on the GEB 
value for the inventive pigment while maintaining comparable opacity (scatter 

40 

coefficients at 457 nm and 577 nm). However, in either case, H-5 and H-4 offer 
significant advantages for opacity (scatter coefficients) but suffer in terms of GEB 
brightness compared with the C-2 clay pigment. However, as shown in Example 4, 
45 35 the lower GEB values for inventive pigments surprisingly did not have an ill effect on 

the coated sheet properties compared to commercially available clay pigments of 
substantially higher brightness. 

50 
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Example 4 

The example demonstrates the coated sheet properties of this invention and 
compares them to conventional clay-based pigments. Four (4) comparative coated 
sheets were prepared from three (3) pigments and a base coating hydrous clay have 
5 the following properties: 



TABLE 4 





Property 


Hydrous Clay 
Miraclipse 
PC 


Lurainex 2 


C-l 


H-l 


10 


Heat Treatment 


None 


1090 


1090 


930 


15 


Components (wt.%): 
Clay 
Ti0 2 

Components Mixed 
before Heat Treatment 


100% 

Single Component 
N/A 


100% 


100% 


90% 
10% 

Yes 


20 


Components Mixed After 
Heat Treatment 


Single Component 
N/A 






No 




GEB 


90.3 


96.8 


92.7 


82.6 


25 


Scatter Coefficient, 
457nm (mVg) 


0.116 


0.290 


0.296 


0.381 




Scatter Coefficient, 
577nm (m 2 /g) 


0.099 


0.266 


0.256 


0.338 


30 


Particle Size (% < 2 fi) 


88 


81.7 


89.1 


88.7 



Notes: 1- Commercially available hydrous clay pigment available from Engelhard 
Corporation. 

2- Commercially available high brightness calcined clay pigment available from 
Engelhard Corporation. 

35 



Using the above pigments, the four (4) coated sheets were prepared containing 
the following compositions and properties: 
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TABLE 5 



10 



30 



35 





Component/Propertv 


Coating 1 


Coating 2 


Coating J 


Coatinj 




MIRACLIPSE PG 


80 


80 


85 


80 


5 


LUMINEX 


15 










C-l 




15 


10 






H-l 


— 




— 


15 




Latex PP 730 NA 


5 


5 


5 


5 


10 


Latex FC 1060NA 


14 


14 


14 


14 




FINN FIX 10 


0.825 


0.625 


0.750 


0.700 




Coat Weight (Ib73300 ft 2 ) 


5.1 


5.0 


4.9 


5.0 




Sheet Glow (7S°} 


54 


67.7 


j j 


< i 


15 


ISO BRIGHTNESS (%) 


67.6 


67.5 


67.2 


68.0 




i ftrn Dtvivjn i in coo ^ /a) 


Aft A 


Aft ft 


Aft < 
Oo.j 


69.3 




TAPPI OPACITY (%) 


91.9 


92.0 


91.9 


92.5 




HUNTER 










20 


L 


83.7 


83.8 


83.6 


84.4 




a 


0.48 


0.49 


0.50 


0.35 




b 


2.71 


2.64 


2.69 


2.90 




Print Gloss -75° 


60 


60 


62 


59 


25 


@ 14. o.d. 












Parker Print Surf 


1.14 


1.15 


1.16 


1.17 




lOKgf/cm 










30 


IGT Dry Pick 


5 


5 


5 


4 




K & N % 


22 


22 


21 


21 


35 


Notes: Calendering Conditions: PLI 


= 653: temp (°F) = 


150; 








Speed (ft/min) = 37; passes = 2. 





As can be seen in TABLES 4 and 5, it is quite unexpected and unique that 
Coating 4, which contains the inventive pigment H-l of this invention records higher 
40 ISO and TAPPI sheet brightness and higher TAPPI sheet opacity than Coatings 1 , 2, 
and 3 despite the fact that pigment H-l used in Coating 4 has a lower GEB value 
(GEB = 82.6) than the pigments used in Coating I (MIRACLIPSE PG, GEB = 90.3), 
Coating 2 (LUMINEX* GEB = 96.8), or Coating 3 (C-KGEB = 92.7). 
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The principles, preferred embodiments, and modes of operating of this 
invention have been described in the foregoing specification. However, the invention 
which is intended to be protected herein is not to be construed as limited to the 
particular forms disclosed, since they are to be regarded as illustrative rather than 
5 restrictive. Variations and changes may be made by those skilled in the art without 
departing from the spirit of the invention. 



Claims 



5 



10 



15 



20 



25 



30 



35 



40 



45 



55 



WO 00/32700 



20 



PCT/US99/28235 



What is claimed is: 

1 . A paper filling or paper coating pigment derived from heating a 
hydrous clay with a metal oxide and/or a metal oxide precursor, the metal being 
selected from the group consisting of transition metals and post-transition metals and 
their combinations, said heating being applied to an extent sufficient to aggregate the 
metal oxide and/or metal oxide precursor with the clay. 

2. The pigment of claim 1 , wherein the clay is a kaolin clay. 

3. The pigment of claim 2, wherein the heating does not exceed a 
temperature of I200°C 

4. The pigment of claim 3, wherein the heating is conducted in the 
temperature range of 400 to 800°C. 

5. The pigment of claim 3, wherein the heating is conducted in the 
temperature range of 800 to 1 100°C. 

6. The pigment of claim 3, wherein the metal oxide is titania, zinc oxide, 
stannous oxide, or stannic oxide and the metal oxide precursor is titanyl chloride or 
litany 1 sulfate. 

7. The pigment of claim 6, wherein the titania comprises from 0.5 to 50 
percent by weight of the pigment. 

8. The pigment of claim 7, wherein the hydrous clay has a particle size 
distribution in the range of about 75 to 1 00 percent by weight finer than 1 micrometer. 
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9. The pigment of claim 8, wherein the hydrous clay has a particle size 
distribution in the range of about 70 to 90 percent by weight finer than 0.5 
micrometer. 

10. The pigment of claim 9, wherein the metal oxide is titania. 

1 1 . The pigment of claim 1 0, wherein the metal oxide precursor is titanyl 
chloride or sulfate. 

1 2. The pigment of claim 3, wherein the metal oxide or metal oxide 
precursor comprises from 5 to 20 percent by weight of the pigment. 

13. The pigment of claim 1 2, wherein the hydrous clay has a particle size 
distribution of about 85 to 95 percent by weight finer than 1 micrometer with 
approximately 70 to 80 percent by weight of the particles finer than 0.5 micrometer. 

1 4. A method for making a paper filling or paper coating pigment of 
improved opacity comprising the steps of: 

(a) providing a hydrous clay; 

(b) mixing with the hydrous clay a transition metal or a post- 
transiuon metal oxide, their precursors, or combinations thereof; 

(c) heating the composition of step (b) to an extent sufficient to 
aggregate the metal oxide and/or metal oxide precursor with the clay. 

1 5. The method of claim 1 4, wherein the hydrous clay is a kaolin clay. 

16. The method of claim 1 5, wherein the kaolin clay has a particle size 
distribution of about 75 to 100 percent by weight finer than 1 micrometers. 

1 7. The method of claim 1 4, wherein the metal oxide and/or the metal 
oxide precursor comprises from 0.5 to 50 percent by weight of the pigment. 
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1 8. The method of claim 1 7, wherein the metal oxide is titania, zinc oxide, 
stannous oxide, or stannic oxide and the metal oxide precursor is titanyl chloride or 
titanyl sulfate. 

1 9. The method of claim 1 8, wherein the clay has a particle size 
distribution of about 85 to 95 percent by weight finer than 1 micrometer with 
approximately 70 to 80 percent by weight of the particles finer than 0.5 micrometers. 

20. The method of claim 1 9, wherein the metal oxide is titania and the 
metal oxide precursor is titanyl chloride or sulfate. 

21. A paper comprising the pigment of claim 1 . 

22. A paint pigment derived from heating a hydrous clay with a metal 
oxide and/or a metal oxide precursor, the metal being selected from the group 
consisting of transition metals and post-transition metals and their combinations, said 
heating being applied to an extent sufficient to aggregate the metal oxide and/or metal 
oxide precursor with the clay. 
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